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Description 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the art of polymeric foams, and in particular to a new cross-linked polyolefin 
foam composition and a method for making the same. 

BACKGROUND OF THE INVENTION 

[0002] Current art for the production of cross-linked polyolefin foam structures involves the use of conventional high- 
pressure reactor-produced, low density polyethylene (LDPE). LDPE is comprised of a wide-ranging distribution of 
branch lengths, best characterized as "long- but variable- chain branching", and a molecular weight distribution (Mw/ 
Mn) which is generally greater than about 3.5. LDPE resin densities, which directly relate to the resulting bulk property 
stiffness, typically range between 0.91 5 to about 0.930, thus limiting the degree of mechanical flexibility in foam struc- 
tures thereof since the lower limit of secant moduli for LDPE is about 20 ksi. While processability of LDPE is quite 
good, the physical properties, in particular the tensile strength, low-temperature flexibility and toughness, are less than 
would be obtained from a linear low density polyethylene (LLDPE), due in part to the substantially non-linear nature 
of LDPE and the profusion of "long-chain branches." ! 
[0003] Conventional linear low density polyethylene (LLDPE) exhibits physical properties which are superior to that 
of LDPE at about the same range of resin densities, but show somewhat higher secant moduli and are difficult to 
process, resulting in foams with poor cell structure and higher than desired foam structure densities. LLDPE resins, 
produced by conventional Ziegler transition metal catalysts in the copolymerization of ethylene with one or more alpha- 
unsaturated monomers, exhibit considerably narrower molecular weight distributions than LDPE, higher molecular 
weights, and typically only about 15-20 "short-chain branches" per 1000 carbon atoms. Melt-processing in general, 
and foam processing in particular, are greatly enhanced by the ability of the resin to "shear-thin" or demonstrate a 
strong, inverse dependency of melt viscosity toward shear rate. "Shear thinning" increases with the degree of branching, 
which is exemplified in the relative shear-insensitivity of LLDPE and particularly HDPE and resulting foam processing 
difficulty. Commercially-available LLDPE resins with densities below about 0.910 g/cc are unavailable, thus further 
limiting the flexibility of foam structures thereof. 

[0004] Very low density polyethylene (VLDPE) is a special subset of LLDPE wherein an even greater number of 
"short-chain branches" (ca. 30-50 per 1000 carbon atoms) are effected by appropriate level of comonomer to result in 
much lower resin densities than LLDPE, e.g. 0.88 g/cc to 0.91 g/cc. These materials thus exhibit greater flexibility than 
LLDPE. However, generally with conventional linear polyolefins, the greater the number of "short-chain branches," the 
lower the resulting resin density, but also the shorter the length of the molecular backbone. The presence of shorter 
molecular backbones, with greater comonomer content therein, prematurely leads to a phenomena known as "melt 
fracture," which is manifested as the onset of perturbations at the surface of an extrudate with increasing shear rate, 
resulting in loss of control of the quality of such profiled, extrudable materials. 

[0005] Certain other undesirable structural features accompany efforts to increase "short-chain branching" while 
employing conventional linear polyethylene technology, such as an increase in the non-uniformity of the distribution of 
branches on the molecular backbone. Additionally, conventional linear polyethylene technology leads to a distribution 
of molecular weights, with a greater propensity of incorporation of the alpha-unsaturated comonomer into the lower 
molecu lar weight fractions, thereby leading to melt fracture. Also, as a result of this non-uniformity of molecular weights 
and distribution of comonomeric species within and among the distribution thereof, linear polyolefins exhibit less than 
optimal performance in various parametric standards such as toughness, particularly at low temperatures, and stability 
of extrusion, particularly at high rates. 

[0006] Many of the above noted deficiencies in the foamable polyolefin art could be satisfied through the use of a 
linear olefinic resin which is essentially free of "long-chain branches", and which has a molecular weight that is suffi- 
ciently high to preclude melt-fracture, a narrow molecular weight distribution, a considerable melt-viscosity/shear rate 
sensitivity and a full range of resin densities. Such a linear polyolefin would exhibit the preferred balance of physical 
properties, would exhibit good toughness and processability, and would be available in a range of resin flexibilities. It 
is thus an object of this invention to provide a linear olefinic resin which possesses these characteristics. 
[0007] Various catalysts are known to the art of polyolefin foams. "Metal locenes" are one class of highly active olefin 
catalysts, well known in the art of preparation of polyethylene and copolymers of ethylene and alpha-unsaturated olefin 
monomers. U.S. Pat. No. 4,937,299 (Ewen et. al.) teaches that the structure of the metallocene catalyst includes an 
alumoxane which is formed when water reacts with trialkyl aluminum with the release of methane, which complexes 
therein with the metallocene compound to form the active catalyst. These catalysts, particularly those based on group 
IV B transition metals such as zirconium, titanium and hafnium, show extremely high activity in ethylene polymerization. 
[0008] Metallocene catalysts have great versatility in that : by manipulation of process conditions such as catalyst 
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, composition and reactor conditions, they can be made to provide polyolefins with controlled molecular weights from 
as low as about 200 to about 1 million or higher. Exemplary of the latter case is ultra-high molecular weight linear 
polyethylene. At the same time, the molecular weight distribution of the polymers thereof can be contrplled from ex- 
tremely narrow to extremely broad, i.e. from less than 2 to greater than 8. 

5 [0009] Metallocene catalysts are particularly advantageous in the preparation of copolymers of ethylene and one or 
more alpha-unsatu rated olefin comonomers to provide highly random distributions of comonomer within each and 
every molecular backbone, while separately controlling the average molecular weight as well as the distribution of 
molecular weights about the average. It is thus an object of the present invention to use the versatility of metallocene 
catalysts to produce linear olefinic resins having the aforementioned properties. 

10 [0010] These and other objects are realized by the present invention, as disclosed herein. 

SUMMARY OF THE INVENTION 

i 

[0011] According to one embodiment of the present invention, there is provided a method of producing a foamed, 
15 cross-linked structure comprising the steps of: (a) providing a polymeric composition which is composed of at least 5% 
and up to 1 00% of a polyolefin copolymer, wherein said copolymer is produced from ethylene and one or more alpha- 
unsatu rated ethylenic monomers, and is substantially free of "long-chain branching"; (b) inducing the cross-linking 
reaction; and (c) expanding the composition. In this embodiment, the polyolefin copolymer, comprises a polymer se- 
lected from the group of ethylene polymerized with at least one comonomer selected from the group consisting of at 
20 least one alpha-unsaturated C3 to C20 comonomer and optionally at least one C3 to C20 polyene, has a resin density 
in the range of about 0.86 g/cm3 to about 0.96 g/cm3, a melt index in the range of about 0.5 dg/min to about 100 dg/ 
min, a molecular weight distribution in the range of from about 1.5 to about 3.5, and a composition distribution breadth 
index greater than about 45 percent 

[0012] According to another embodiment of the present invention, there is provided a method of producing a foamed, 
25 cross-linked structure comprising the steps of: (a) providing a polymeric composition which comprises at least 5% and 
up to 100% of a polyolefin copolymer, wherein said copolymer is produced from ethylene and one or more alpha- ' 
unsaturated ethylenic monomers and is substantially free of branch lengths exceeding 20 carbon atoms; (b) inducing 
the cross-linking reaction; and (c) expanding the composition. 

[0013] The expansion of the composition may be accomplished by use of a decomposable foaming agent, or by use 
30 of a physically-expanding, volatile foaming agent. The cross-linking may be effected by reacting the foam composition 
with asilane cross-linking agent, which may be subsequently combined with other polymeric resins, and then effecting 
the cross-linking by exposing the mixture to moisture, possibly with the use of a suitable silanol condensation catalyst. 
In other embodiments, the cross-linking of the polymeric composition is effected by free-radical initiators, or by irradi- 
ation. 

35 [0014] In the preferred embodiment, the cross-linked foam structures exhibit 70% or greater closed-cells, and den- 
sities greater than about 11.21 kg/m 3 (0.7 Ib/cu.ft) but less than about 352 kg/m 3 (22 Ib/cu.ft). 
[0015] The present invention also contemplates the addition of other resins, particulate and fibrous fillers, antioxi- 
dants, ultra-violet and thermal stabilizers, pigments and colorants, cell-growth nucieants such as talc, cell-structure 
stabilizers such as fatty acids or amides, property- modifiers, processing aids, additives, catalysts to accelerate cross - 

4o linking and other reactions, and other materials which will be obvious to one skilled in the art. 

DETAILED DESCRIPTIONS 

[0016] The present invention is a unique class of cross-linked, polyolefin foam compositions which, by virtue of the 
45 catalyst technology and methods utilized in their preparation from monomeric alpha-olefins, manifest a molecular struc- 
ture that greatly facilitates processing and exhibits superior physical properties for cellular articles made therefrom. 
[0017] There are a number of structural variables in polyolefin copolymers which effect both the processing charac- 
teristics as well as the ultimate physical properties of the polymer, and which thus directly influence the processing 
and ultimate properties of cross-linked compositions thereof. Two of the most important are the uniformity of molecular 
50 weight and the uniformity of distribution of comonomers within each, and among all, of the polymeric molecular back- 
bones. 

[0018] The uniformity of both molecular weight and comonomer distributions influences the toughness of polymeric 
materials and articles made therefrom, particularly at low temperatures. Likewise, these factors also influence the 
stability of melt processability, particularly at high shear rates, as well as the level and balance of other physical prop- 
55 erties achievable in articles formed thereof. Additionally, the type and amount of comonomer employed along with 
ethylene in the polymerization, the average molecular weight, melt index and specific gravity all effect the properties 
of the subject polyolefin copolymer. The intrinsic properties of the subject polyolefin copolymers along with the relative 
amount of the copolymers and type and amount of additional polymeric resins are a major factor contributing toward 
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the superiority of the compositions. 

[001 9] Polyolefin resins of this invention possess a narrow molecular weight distribution and are "essentially linear," 
although they contain the desired level of uniformly distributed, highly controlled "short-chain branching". As a result 
of this combination, the resins exhibit a strength and toughness approaching that of linear low density polyethylenes, 

5 but have processability similar to high pressure, reactor produced low density polyethylene. These "essentially linear" 
pofyolefln resins are characterized by a resin density in the range of about 0.86 g/cm 3 to about 0.96 g/cm 3 , a melt 
index in the range of about 0.5 dg/min to about 1 00 dg/min, a molecular weight distribution in the range of from about 
1.5 to about 3.5, and a composition distribution breadth index greater than about 45 percent. 
[0020] As used throughout this disclosure, the term "linear polyolefin" refers to an olefin polymer lacking "long-chain 

'o branching," as exemplified by the conventionally produced linear low density polyethylene or linear high density poly- 
ethylene polymers made using Ziegler polymerization processes and disclosed, for example, in U.S. 4,076,698 and 
U.S. 3,645,992. The term does not refer to high pressure, reactor produced branched polyethylenes, or to copolymers 
of ethylene and vinyl acetate, vinyl alcohol, ethyl acrylate, methyl acrylate, acrylic acid, or the like which are made 
using high-pressure technology and which are known to have numerous long-chain branches. 

15 [0021] As used throughout this disclosure, the term "essentially linear- refers to a "linear polymer" with a molecular 
backbone which is virtually absent of "long-chain branching," to the extent that less than about 0.01 "long-chain branch- 
es" per one-thousand carbon atoms are manifested thereof. Similarly, as used throughout this disclosure, the phrase 
"substantially free from long-chain branching" refers to a "linear polymer with a molecular backbone with less than 
about 0.01 "long-chain branches" per one-thousand carbon atoms manifested thereof. 

20 [0022] As used throughout this disclosure, the term "long chain branching" refers to a molecular branch of a molecular 
backbone of at least 6 carbon atoms, above which the length cannot be distinguished using 13C nuclear magnetic 
resonance (NMR) spectroscopy. The long chain branch can be as long as about the same length as the molecular 
backbone. Methods of quantifying long chain branching by use of 13C NMR spectroscopy were described by Randall 
(Rev. Macromol. Chem. Phys., C29 (2&3), p. 285-297). 

25 [0023] As used throughout this disclosure, the term "short-chain branching" is defined as a molecular branch of a 
molecular backbone of less than 6 carbon atoms which, as described above, would be distinguishable by 13C NMR 
spectroscopic methods. 

[0024] As used throughout this disclosure, the term "copolymer" refers to material resulting from the polymerization 
of two or more monomeric species, and specifically encompasses terpolymers (e.g., materials resulting from the po- 
30 lymerization of three or more monomeric species), sesquipolymers, and greater combinations of monomeric species 
thereof. 

[0025] The densities, or specific gravities, of the resins herein disclosed were measured using ASTM D-792 methods, 
except that they were additionally conditioned by holding them for 48 hours at ambient temperature (23 °C) prior to 
the density measurements. The essentially linear polyolefin resins disclosed in this invention are generally character- 
's ized by a resin density in the range of about 0.86 g/cm3 to about 0.96 g/cm3, preferably of about 0.86 g/cm3 to about 
0.91 g/cm3. 

[0026] The "Melt Index" (Ml) is a measurement of processability under low shear rate conditions, in accordance with 
ASTM D-1 238 Condition E (190 °C/2.16 kg). For the essentially linear polyolefins disclosed in this invention, the Ml is 
generally in the range of about 0.2 dg/min to about 100 dg/min. Preferably, the Ml is in the range of about 1 dg/min to 

40 about 1 0 dg/min, and most preferably in the range of about 2 dg/min to about 8 dg/min. 

[0027] The molecular weight distribution (MWD or Mw/Mn) is a parameter determined by use of gel permeation 
chromatography with multiple mixed-porosity columns, comparing elution volumes of the unknown to those of narrow 
MWD polystyrene standards. The correspondence is accomplished by using the appropriate Mark-Houwink coefficients 
for the polystyrene standard and the polyethylene unknown, with procedures as described by Williams and Word in 

45 Journal of Polymer Science, Polymer Letters, Vol. 6, (621) 1968, incorporated herein by reference. 

[0028] The Composition Distribution Breadth Index (CDBI) is a measurement of the uniformity of distribution of 
comonomer to the copolymer molecules, and is determined by the technique of Temperature Rising Elution Fraction- 
ation (TREF), as described in, for example, Wild et. al., J. Poly. Sci., Poly. Phys. Phys. Ed., Vol. 20, p. 441 (1982). This 
attribute relates to polymer crystallizability, optical properties, toughness and many other important performance char- 

50 acteristics of compositions of the present art. For example, a polyolefin resin of high density with a high CDBI would 
crystallize less readily than another^.with a lower CDBI but equal comonomer content and other characteristics, en- 
hancing toughness in objects of the present invention. The benefits to the discovery of the subject invention that accrue 
through the specific use of essentially linear polyolefin copolymers of narrow composition distribution are elucidated 
later in the examples. 

55 [0029] As used herein, the CDBI is defined as the weight percent of the copolymer molecules having a comonomer 
content within 50% (i.e. +/- 50%) of the median total molar comonomer content. Unless otherwise indicated, terms 
such as "comonomer content," "average comonomer content" and the like refer to the bulk comonomer content of the 
indicated interpolymer blend, blend component or fraction on a molar basis. For reference, the CDBI of linear poly 



4 



T 



EP 0 702 032 B1 

(ethylene), which is absent of comonomer, is defined to be 100%. CDBI determination clearly distinguishes the low 
density polyolefins of this art, which show narrow composition distribution as assessed by CDBI values generally above 
70%, from very low density polyolefin copolymers produced by conventional linear catalyst technology, which have a 
broad composition distribution as assessed by CDBI values generally less than 55%. The CDBI of the essentially linear 

5 polyolefin copolymers disclosed in this invention is generally about 45% or higher. Preferably, the CDBI is about 50% 
or higher. More preferably, the CDBI is about 60% or higher, and most preferably, about 70% or higher. 
[0030] The "essentially linear" polyolefin copolymers of the present invention are preferably produced through the 
use of metallocene catalysts in accordance with any suitable polymerization process, including gas phase polymeri- 
zation, slurry polymerization, and high pressure polymerization. However, the methods of the present invention are 

10 not restricted to the use of metallocene catalysts. Preferably, the "essentially linear" polyolefins used in the foam com- 
positions of the present invention are produced by gas-phase polymerization. Gas phase polymerization processes 
generally utilize super-atmospheric pressures and temperatures in the range of about 50 °C to about 120 °C. Such 
polymerization can be performed in a stirred or fluidized bed of catalyst and product particles in a pressurized vessel 
adapted to facilitate the separation of product particles form unreacted gases therein. Maintenance of temperature • 

15 may be accomplished by circulation of ethylene, comonomer, hydrogen or inert gas such as nitrogen. Triethylaluminum 
may be added as needed as a scavenger of water, oxygen, and other undesirable impurities. Polymer produced thereof 
may be withdrawn continuously or semi-continuously at a rate necessary to maintain a constant product inventory in 
the reactor. 

[0031] Subsequent to polymerization and deactivation of the catalyst, the product copolymer may be recovered by 
20 any suitable means. In commercial practice, the polymeric product can be recovered directly from the gas phase reactor, 
freed of residual monomer with a nitrogen purge, and used without further deactivation or catalyst removal. 
[0032] The essentially linear polyolefin copolymers of the present invention may also be produced using a high 
pressure process by polymerizing ethylene in combination with the other desired monomers in the presence of the 
metallocene alumoxane catalyst system. Critical to this method is that the polymerization temperature be above 120 
25 °C, but below the decomposition temperature of the product, and that the polymerization pressure be above about 500 
kg/cm2. In certain instances wherein the molecular weight of the product must be controlled, any of the suitable tech- 
niques known in the art for control of molecular weight, such as the use of hydrogen or reactor temperature, may be 
employed to effect such control therein . 

[0033] The essentially linear olefinic copolymers of the present invention are preferably derived from ethylene po- 
30 lymerized with at least one comonomer selected from the group consisting of at least one alp ha-unsatu rated C3 to 
C20 olefin comonomer, and optionally one or more C3 to C20 polyene. The types of comonomers selected to produce 
the essentially linear polymer utilized in the present invention will depend upon economics and the desired end-use of 
the resultant cross-linked foam structure. 

[0034] Generally, the alpha-unsatu rated olefin comonomers suitable for use in the present invention contain in the 

35 range of about 3 to about 20 carbon atoms. Preferably, the alpha-unsaturated olefins contain in the range of about 3 
to about 1 6 carbon atoms, and most preferably in the range of about 3 to about 8 carbon atoms. Illustrative, non-limiting 
examples of such alpha-unsaturated olefin comonomers used as copolymers with ethylene include propylene, isobuty- 
lene, 1-butene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, styrene, halo- 
or alkyl -substituted styrene, tetrafluoroethylene, vinyl cyclohexene, vinyl-benzocyclobutane and the like. 

40 [0035] Generally, the polyenes used in the present invention contain about 3 to about 20 carbon atoms. Preferably, 
the polyenes contain about 4 to about 20 carbon atoms, and most preferably about 4 to about 15 carbon atoms. 
Preferably, the polyene is a straight-chain, branched chain or cyclic hydrocarbon diene having from about 3 to about 
20 carbon atoms, more preferably from about 4 to about 15 carbon atoms, and most preferably from about 6 to about 
15 carbon atoms. It is also preferred that the diene is non-conjugated. Illustrative non-limiting examples of such dienes 

45 include 1 ,3-butadiene, 1 ,4-hexadiene, 1 ,6-octadiene, 5-methyl-1 ,4-hexadiene, 3,7-dimethyl-1 ,6-octadiene, 3,7-dime- 
thyl-1 ,7-octadiene, 5-ethylidene-2-norbornene and dicyclopentadiene. Especially preferred is 1 ,4-hexadiene. 
[0036] Preferably, the polymeric foam composition of the present invention will comprise either ethylene/alpha-un- 
saturated olefin copolymers or ethylene/alpha-unsaturated olefin/diene terpolymers. Most preferably, the essentially 
linear copolymer will be ethylene/1 -butene or ethylene/1 -hexene. 

so [0037] The comonomer content oHhe olefin copolymers utilized in the present invention is typically in the range of 
about 1 percent to about 32 percent (based on the total moles of monomer), preferably in the range of about 2 percent 
to about 26 percent, and most preferably in the range of about 6 percent to about 25 percent. 
[0038] The preferred essentially linear olefin copolymers used in making the products of the present invention are 
produced commercially by Exxon Chemical Company, Baytown, Texas, under the tradename Exact™, and include 

55 Exact™ 3022, Exact™ 3024, Exact™ 3025, Exact™ 3027, Exact™ 3028, Exact™ 3031 , Exact™ 3034, Exact™ 3035, 
Exact™ 3037, Exact™ 4003, Exact™ 4024, 41 , Exact™ 4049, Exact™ 4050, Exact™ 4051 , Exact™ 5008, and Exact™ 
8002. Most preferably, the essentially linear olefin copolymers are selected from the group consisting of Exact™ 3024, 
Exact™ 404 1 . Exact™ 5008. However, one skilled in the art will appreciate that other resins satisfying the reauirements 
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of an absence of long-chain branching, the range of molecular weight distributions, the range of composition distribution 
breadth indices, the range of resin densities, and the range of melt flow indices, are also available and may be used 
without departing from the scope of the invention. 

[0039] While the aforementioned essentially linear olefin copolymers are most preferable as the compositions of this 
invention, the addition of other polymers or resins to the composition, either prior or subsequent to grafting or cross- 
linking, can result in certain advantages in the economic, physical and handling characteristics of the cellular articles 
made in accordance with this invention. Examples of the polymers and resins which may be advantageously added 
include low density polyethylene, high density polyethylene, linear low density polyethylene, medium density polyeth- 
ylene, polypropylene, ethylene propylene rubber, ethylene propylene diene monomer terpoly me r, polystyrene, polyvinyl 
chloride, polyamides, polacrylics, cellulosics, polyesters, and polyhalocarbons. Copolymers of ethylene with propylene, 
isobutene, butene, hexene, octene, vinyl acetate, vinyl chloride, vinyl propionate, vinyl isobutyrate, vinyl alcohol, allyl 
alcohol, allyl acetate, allyl acetone, allyl benzene, allyl ether, ethyl acrylate, methyl acrylate, methyl methacrylate, 
acrylic acid, and methacrylic acid may also be used Various polymers and resins which find wide application in per- 
oxide-cured or vulcanized rubber articles may also be added, such as polychloroprene, polybutadiene, polyisoprene, 
poly(isobutylene), nitrile-butadiene rubber, styrene-butadiene rubber, chlorinated polyethylene, chlorosulfonated pol- 
yethylene, epichlorohydrin rubber, polyacrylates, and butyl or halo-butyl rubbers. Other resins are also possible, as 
will be apparent to one skilled in the art, including blends of the above materials. Any or all of the additional polymers 
or resins may be advantageously grafted or cross-linked, in concert or separately, within the scope of the object of this 
invention. 

[0040] Preferred resins, to be added to the object copolymer of this invention, include polypropylene, polystyrene, 
low density polyethylene, linear low density polyethylene, ethylene/ethyl acrylate, and ethylene/methyl acrylate, and 
combinations of two or more of these materials. The preferred level of the essentially linear polyolefin copolymer, as 
a percentage of total polymeric resin, preferably ranges from about 5 % to about 100%, more preferably from about 
10% to about 60%, and most preferably from about 10% to about 40%. 

[0041] The cross-linking of the compositions useful in the practice of the present invention is preferably accomplished 
by the use of chemical cross-linking agents or high-energy radiation. Suitable methods of chemical cross-linking include 
the use of decomposable, free-radical generating species, or the use of silane-g rafting, wherein the molecular backbone 
of the constituents of said composition are chemically reacted with a subsequently cross-linkable chemical species. 
In the latter case, the cross-link is appropriately effected by the use of warm, moist conditions subsequent to the grafting 
step, optionally with a suitable catalyst. Combinations of methods of cross-linking may be utilized to facilitate the degree 
of control and achieve the desired level of cross-linking. 

[0042] Representative chemical cross-linking agents which are usefully employed herein include the organic perox- 
ides, azido and vinyl functional silanes, multifunctional vinyl monomers, organo-titanates, organo-zirconates and p- 
quinone dioximes. The chemical cross-linking agent may be advantageously selected by reference to the processing 
temperature and permissible time at the desired event of said cross-linking reaction. That is to say, by selecting a 
chemical cross-linking agent which exhibits a half-life of between one minute and 60 minutes at the preferred temper- 
ature of the cross-linking event, the rate of cross-linking may be expeditiously induced with the required degree of 
control. The processing temperature and permissible time of the cross-linking event are often dictated by material 
handling requirements, for example proper conveyance of the composition through an extruder at reasonable rates 
thereof. 

[0043] Suitable chemical cross-linking agents for the compositions of this invention include, but are not limited to, 
organic peroxides, preferably alkyl and aralkyl peroxides. Examples of such peroxides include: 

dicumylperoxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 1 ,1 -bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, 
1,1-di-(t-butylperoxy)-cyclohexane, 2,2'-bis(t-butylperoxy) diisopropylbenzene, 4,4 , -bis(t-butylperoxy)butylvalerate, t- 
butyl-perbenzoate, t-butylperterephthalate, and t-butyl peroxide. Most preferably, the cross-linking agent is dicumyl 
peroxide. 

[0044] Chemically-crosslinked compositions are improved upon with the addition of multi-functional monomeric spe- 
cies, often referred to as "coagents." Illustrative, but non-limiting, examples of coagents suitable for use in chemical 
crosslinking in accordance with the present invention include di- and tri-allyl cyanurates and isocyanurates, alkyl di- 
and tri- acrylates and methacrylates, zinc-based dimethacrylates and diacrylates, and 1 ,2-polybutadiene resins. 
[0045] Included in the cross-linking agents that may be used with the present invention are the azido-fu notion al 
silanes of the general formula RR'SiY 2 , in which R represents an azido-functionai radical attached to silicon through 
a silicon-to-carbon bond and composed of carbon, hydrogen, optionally sulfur and oxygen; each Y represents a hy- 
drotyzable organic radical; and R* represents a monovalent hydrocarbon radical or a hydrolyzable organic radical. 
[0046] Azido-silane compounds graft onto an olefinic polymer though a nitrine insertion reaction. Crosslinking de- 
velops through hydrolysis of the silanes to siianols followed by condensation of silanols to siloxanes. The condensation 
of silanols to siloxanes is catalyzed by certain metal soap catalysts such as dibutyl tin dilaurate or butyl tin maleate 
and the like. Suitable azido-functional silanes include the trialkoxysilanes such as 2-ftrimethoxylsilyl) ethyl phenyl sul- 
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, fonyl azide and (triethoxy silyl) hexyl sulfonyl azide. 

[0047] Other suitable silane cross-linking agents useful in the practice of the present invention include vinyl functional 
alkoxy silanes such as vinyl trimethoxy silane and vinyl triethoxy silane. These silane cross-linking agents may be 
represented by the general formula RR'SiY 2 in which R represents a vinyl functional radical attached to silicon through 
s a silicon-carbon bond and composed of carbon, hydrogen, and optionally oxygen or nitrogen, each Y represents a 
hydrolyzable organic radical, and R' represents a hydrocarbon radical or Y 

, [0048] Usually, free-radical initiating species, such as the organic peroxides described above, are incorporated along 
with the vinyl alkoxy silane to perform hydrogen extraction from the polymeric molecular backbone, whereupon the 
vinyl-functional silane may react and graft thereto. For reference, U.S. 3,646,155 presents further examples of such 

10 silanes. Subsequently, the grafted polymeric composition may be exposed to moisture to effect silanolysis condensation 
reactions therein to cross-link multiples of pendant silane grafts. Preferably, the composition contains a suitable con- 
densation catalyst, and further is preferably shaped and formed into the desired profile or shape prior to contact with 
moisture. Most preferably, the silane cross-linking agent is vinyl trimethoxy silane, grafted on to the polymer backbone 
by the free-radical reaction which is initiated by 2,2'-bis(t-butylperoxy) diisopropylbenzene. The most preferred silanol 

15 condensation catalyst is dibutyl tin dilaurate, which greatly facilitates the cross-linking of pendent silane groups in the 
presence of moisture, preferably in hot water. 

[0049] Methods of effecting the moisture induced cross-linking by condensation of silane grafts are widely disclosed 
in the art. Aside from the obvious exposure to hot water, preferably at a temperature above, the softening point of the 
composition, hydrated inorganic compounds such as gypsum or other water-solvable or water-absorbing species may 

20 be incorporated into the composition which, upon heating the composition above the hydration-liberation temperature, 
advantageously release moisture to effect the condensation or silane pendent groups. Alternatively, moisture may be 
introduced directly into continuous melt-processing equipment, such as an extruder, either alone or in combination 
with one of the components of the composition, preferably at a downstream feeding port, optionally in combination with 
a physically expanding foaming agent. For example, U.S. Pat. No. 4,058,583 (Glander) discloses the injection of moist 

25 inert gasses, such as nitrogen, into a downstream port of a profile extruder, to both effect the expansion of silane- 
grafted compositions and the condensation of the silanes. t 
[0050] For moisture -cured polyolefin systems wherein long-term moisture stability is essential, U.S. 4,837,272 (Kel- 
ley) discloses methods of subsequently reacting the silane-grafted compositions with organo titanates to result in rel- 
atively moisture-stable adducts which readily cross-link in the presence of atmospheric moisture, even in absence of 

30 silanol condensation catalysts, to form the cross-linked structures. 

[0051] Suitable methods for cross-linking olefinic compositions with high-energy, ionizing radiation involve the use 
of equipment which generates electrons, X-rays, Beta-rays or Gamma-rays. "Ionizing radiation" denotes electro-mag- 
netic waves or charged particles having the ability to interact directly or indirectly with a substance and consequently 
ionizing the substance. "High energy" is used to denote the relatively high potential of such radiation, necessary to 

35 uniformly and sufficiently penetrate the articles of the composition of this invention. 

[0052] The most preferred method for cross-linking olefinic compositions through exposure to ionizing radiation is 
through the use of an electron-beam radiation source. The use of electron-beam radiation cross-linking results in fine 
cell structure and good surface quality, due in large part to the completion of cross-linking prior to the initiation of the 
expansion process step. Disadvantages of this method include the high cost of the equipment and the in feasibility of 

to utilizing this method in a continuous manufacture, since a single electron-beam source will only be economically sup- 
ported by many continuous extrusion lines. Furthermore, certain polymers are susceptible to preferential chain scission 
or degradation instead of undergoing the desired cross-linking reaction. 

[0053] Exposure of the compositions of the present invention to ionizing radiation may be accomplished at dosages 
in the range of about 0.1 to 40 Megarads, and preferably, at about 1 to 20 Megarads. U.S. 4,203,81 5 (Noda) discloses 

45 methods of exposing compositions to both high and low-energy ionizing radiation to effect improvements in surface 
quality, strength and subsequent heat-sealing or embossing processes. The amount of cross-linking may be appropri- 
ately controlled by the dosage of ionizing radiation, with preference dictated by the requirements of the ultimate appli- 
cation of the composition of this invention. Optionally, coagents as described above may be incorporated into radiation- 
crosslinked compositions with advantageous results toward cure speed and uniformity of cross-linking. 

so [0054] Regardless of the method of cross-linking used, acceptable foamed articles may only be obtained by utilization 
of cross-linking over certain ranges of cross-linking density or level. Excessive cross-linking prior to foaming will render 
the foam composition too inelastic, resulting in less than optimal expansion and greater than optimal density for a given 
level of foaming agent. For processes which invoke cross-linking subsequent to expansion, excessive cross-linking 
would be economically inefficient. Less than optimal cross-linking may be detrimental to certain physical properties, 

55 such as compression set properties or thermal resistance. One parameter for quantifying the degree of cross-linking 
is the "gel content" of the composition. The term "gel content," as used in this disclosure, is intended to describe the 
weight percent of an insoluble portion of the cross-linked product (on a dried basis) remaining after about 50 mg of a 
sample of the cross-linked product has been immersed in 25 ml of molecular-sieve dried xylene for 24 hours at 120 
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°C. Process conditions should be utilized when providing for a cross-linked foam structure such that the resulting gel 
content is preferably in the range of about 5% to about 95%, more preferably in the range of about 10% to about 40%, 
and most preferably in the range of about 12% to about 25%. 

[0055] The expanding medium, or foaming agents, useful in the practice of the present invention may be normally 
gaseous, liquid or solid compounds or elements, or mixtures thereof. In a general sense, these foaming agents may 
be characterized as either physically^expanding or chemically decomposing. Of the physically expanding foaming 
agents, the term "normally gaseous" is intended to mean that the expanding medium employed is a gas at the tem- 
peratures and pressures encountered during the preparation of the foamable compound, and that this medium may 
be introduced either in the gaseous or liquid state as convenience would dictate. 

[0056] Included among the normally gaseous and liquid foaming agents are the halogen derivatives of methane and 
ethane, such as methyl fluoride, methyl chloride, difluoromethane, methylene chloride, perfluoromethane, trichio- 
romethane, difluoro-chloromethane, dichlorofluoromethane, dichlorodifluoromethane (CFC-12), trifluorochlorometh- 
ane, trichloromonofluoromethane (CFC-11), ethyl fluoride, ethyl chloride, 2,2,2-trifluoro-1,1-dichloroethane (HCFC- 
123), 1,1,1-trichloroethane,difluoro-tetrachloroethane, 1,1-dichloro-1-fluoroethane (HCFC-H1b), 1,1-difluoro-1-chlo- , 
roethane (HCFC-142b), dichloro-tetrafluoroethane (CFC-114), chlorotrifluoroethane, trichlorotrifluoroethane (CFC- 
113), 1-chloro-1,2,2,2-tetrafluoroethane (HCFC-124), 1,1-difluoroethane (HFC-152a), 1,1,1-trifluoroethane (HFC- 
143a), 1,1,1,2-tetrafluoroethane (HFC-134a), perfluoroethane, pentafluoroethane, 2,2-difluoropropane, 1,1,1-trifluor- 
opropane, perfluoropropane, dichloropropane, difluoropropane, chloroheptafluoropropane, dichlorohexafluoropro- 
pane, perfluorobutane, perfluorocyclobutane, sulfur-hexafluoride, and mixtures thereof. Other normally gaseous and 
liquid foaming agents that may be employed are hydrocarbons and other organic compounds such as acetylene, am- 
monia, butadiene, butane, butene, isobutane, isobutylene, dimethylamine, propane, dimethylpropane, ethane, ethyl- 
amine, methane, monomethylamine, trimethylamine, pentane, cyclopentane, hexane, propane, propylene, alcohols, 
ethers, ketones, and the like. Inert gases and compounds, such as nitrogen, argon, neon or helium, can be used as 
foaming agents with satisfactory results. 

[0057] Solid, chemically decomposable foaming agents, which decompose at elevated temperatures to form gasses, 
can be used to expand the compositions of the invention. In general, the decomposable foaming agent will have a 
decomposition temperature (with the resulting liberation of gaseous material) from 130 °C to 350 °C. Representative 
chemical foaming agents include azodicarbonamide, p,p'-oxybis (benzene) sulfonyl hydrazide, p-toluene sulfonyl hy- 
drazide, p-toluene sulfonyl semicarbazide, 5-phenyltetrazole, ethyl-5-phenyltetrazole, dinitroso pentamethylenete- 
tramine, and other azo, N-nitroso, carbonate and sulfonyl hydraztdes as well as various acid/bicarbonate compounds 
which decompose when heated. 

[0058] The preferred volatile liquid foaming agents include isobutane, difluoroethane or blends of the two. For de- 
composable solid foaming agents, azodicarbonamide is preferred, while for inert gasses, carbon dioxide is preferred. 
[0059] The art of producing cross-linked foam structures is well known, especially for polyolefin compositions. The 
foam structure of the present invention may take any physical configuration known in the art, such as sheet, plank, 
other regular or irregular extruded profile, and regular or irregular molded bun stock. Exemplary of other useful forms 
of foamed or foamable objects known in the art include expandable or foamable particles, moldable foam particles, or 
beads, and articles formed by expansion and/or consolidation and fusing of such particles. Such foamable article or 
particle compositions may be cross-linked prior to expansion, such as for the process of free-radical initiated chemical 
cross-linking or ionizing radiation, or subsequent to expansion. Cross-linking subsequent to expansion may be effected 
by exposure to chemical cross-linking agents or radiation or, when si lane-grafted polymers are used, exposure to 
moisture optionally with a suitable silanolysis catalyst. 

[0060] Illustrative, but non-limiting, of methods of combining the various ingredients of the foamable composition 
include melt-blending, diffusion -limited imbibition, liquid-mixing, and the like, optionally with prior pulverization or other 
particle-size reduction of any or all ingredients. Melt-blending may be accomplished in a batchwise or continuous 
process, and is preferably carried out with temperature control. Furthermore, many suitable devices for melt-blending 
are known to the art, including those with single and multiple Archimedean-screw conveying barrels, high-shear "Ban- 
bury" type mixers, and other internal mixers. The object of such blending or mixing, by means and conditions which 
are appropriate to the physical processing characteristics of the components, is to provide therein a uniform mixture. 
One or more components may be introduced in a step-wise fashion, either later during an existing mixing operation, 
during a subsequent mixing operation or, as would be the case with an extruder, at one or more downstream locations 
into the barrel. 

[0061] Expandable or foamable particles will have a foaming agent incorporated therein, such as a decomposable 
or physically expandable chemical blowing agent, so as to effect the expansion in a mold upon exposure of the com- 
position to the appropriate conditions of heat and, optionally, the sudden release of pressure. 
[0062] One preferred method of providing a sheet object of this invention involves silane-grafting, subsequent ex- 
trusion of a melt-blended profile, moisture-induced cross-linking of the profile, and finally oven-expansion of the profile. 
In the first step, a portion of the polymeric resins of the foam composition, which contains at least a portion of the 
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essentially linear olefin copolymer of this disclosure, is melt-blended with a 20:1 mixture of vinyl trimethoxy silane 
(VTMOS) and dicumyl peroxide in an extruder to effect the grafting of VTMOS onto the polymers. This composition is 
extruded out of a multiple-strand die face, is chilled in water, and is then pelletized. In a subsequent step, the silane- 
grafted composition, along with ungrafted polymeric resins, chemically decomposable foaming agents, colorants, pig- 

5 ments, dibutyl tin dilaurate silanolysis catalyst, or, optionally, antioxidants and stabilizers, are melt-blended and extrud- 
ed out of a sheet die and then passed through a three-roll stack to shape the profile to the correct gauge. The unex- 
panded sheet is then passed through a hot-water tank for sufficient time to effect the cross-linking, and is then passed 
through a gas-fired, hot-air oven to effect the decomposition of the foaming agent and expansion. 
[0063] In another preferred method, the extruded profile from the above method, prior to exposure to hot water, is 

w multiple-stacked and consolidated in a press within a suitable mold at a temperature below the decomposition of the 
foaming agent. Subsequently, it is exposed to hot water for sufficient time so as to effect the cross-linking via the 
silanolysis reaction. Optionally, at this point the resulting preform is again placed into a high-pressure press within a 
suitable mold to initiate the foaming agent decomposition. Finally, the partially expanded preform is fully expanded 
within a hot-air forced-convection oven. 

is [0064] In an alternate procedure, a "Banbury" type mixer is used to fuse a mixture of the grafted composition and 
other ungrafted resins and components. The fused mixture is then molded into a preform, cross -linked by exposure to 
hot water, and then expanded as described above. 

[0065] In yet another preferred method, a silane-g rafted composition, is melt-blended with a physically-expanding 
foaming agent such as isobutane, additional ungrafted polymeric resins, dibutyl tin dilaurate silanolysis catalyst, nu- 
20 cleants such as talc, and optionally antioxidants and stabilizers in a single-screw extruder. Optionally, a twin-screw 
extruder may be utilized. This composition is extruded out of a coat-hanger die whereupon the foaming agent expands 
and a fully-expanded foam sheet or plank results thereof. The net-shape sheet, plank, or board is the placed in humid 
storage for sufficient time to effect the cross- linking. 

[0066] Several additives, as are known to the art, may be added to the compositions of the present invention without 
25 departing from the scope of the invention. Specifically contemplated is the addition of materials which are relevant 
toward cross-linked foam structure compositional development and production, such as particulate and fibrous fillers 
to reinforce, strengthen or modify the rheological properties of the foam composition. Also contemplated is the addition 
of antioxidants (e.g., hindered phenolics such as Irganox 1010, phosphites such as Irgafos 168, or polymerized trime- 
thyl-dihydroquinoline such as Agerite AK, Resin D or Flectol H), ultra-violet and thermal stabilizers, pigments or color- 
30 ants, cell-growth nucleants such as talc and the like, cell-structure stabilizers such as fatty-acids, -esters (e.g. glycerol 
monostearate) or -amides, property-modifiers, processing aids, additives, catalysts to accelerate cross-linking or other 
reactions, and blends of two or more of the aforementioned materials. 

[0067] Table 1 A is a non-limiting tabulation of certain parametric characteristics of some essentially linear polyolefin 
copolymers which are suitable for use with the present invention. The materials in Table 1 A are commercially available 
35 and are produced by the Exxon Chemical Company at its facility in Baytown, Texas: 



TABLE IA 



50 



Product 
Designation 


Melt Index (dg/ 
min) 


Density (g/cc) 


Comonomer Type 


Content 


CDBI(%) 


Mw/Mn 


Exact™ 4041 


3.0 


0.878 


1-butene 


23.5% 


NA 


20 ± 02 


Exact™ 5008 


10 


0.865 


1-butene 


31.6% 


NA 


20+02 


Exact™ 4028 


10 


0.880 


1 -butene 


23.1% 


NA 


20 + 02 


Exact™ 4017 


4.0 


0.885 


1-butene 


20.2% 


NA 


20 + 02 


Exact™ 3024 


4.5 


0.905 


1-butene 


11.2% 


83.7% 


20+02 


Exact™ 3025 


1.2 


0.910 


1 -butene 


9.6% 


>83% 


20 + 02 


Exact™ 3012 


4.5 


0.910 


1 -hexene 


10.4% 


88.2% 


20 + 02 


Exact™ 3011 


3.5 


0.910 


1 -hexene 


11.1% 


92.0% 


20 + 02 


Exact™ 3030 


2.25 


0.905 


1 -hexene 


12.9% 


92.2% 


20 + 02 


Exact™ 3031 


3.5 s> 


0.900 


1 -hexene 


15.4% 


>88% 


20 + 02 


Notes: NA = Not Applicable, polymer 


s too soluble to determine by TREF 



[0068] The following examples are illustrative of certain features of the present invention, and are not intended to 
55 be limiting. 

[0069] Examples 1 -7 illustrate the continuous extrusion process of the present invention. 
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, EXAMPLE 1 

» 

[0070] A silane-grafted composition, consisting primarily of a resin of the present invention along with polyethylene/ 
ethyl acrylate (EEA) as a softener, was prepared at the rate of about 13.6 kg/hr (30 Ib/hr) using a 60 mm diameter, 24: 
1 L/D, single-screw extruder maintained at approximately 200 °C. A mixture of organic peroxide and vinyl trimethoxy 
si lane was metered directly into the feed throat of the extruder. The grafted composition was passed out of a mutti- 
, strand die head through a water-cooling trough, and chopped into pellets with a granuiator. The composition of the 
pellets consisted of: 



pbw 


Material 


90 
10 

0.4 
0.02 


Exact™ 4041 , Exxon Chemical Co. 

DPDA 6182 (0.930 g/cm3, 1.5 Ml), polyethylene/ethyl acrylate, 15% ethyl acrylate content, Union Carbide 
Corp. ' 
#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2'-bis (tert-butylperoxy)diisopropyl benzene, Hercules Chemical Co. 



The pellicular grafted composition was admixed with additional pellicular components in a 5 gallon drum tumbler, me- 
tered into a 2.5" diameter, 24:1 L/D single-screw extruder maintained at approximately 125° C and fitted with a 14" 
wide coat-hanger die head, and passed through a 24" wide three-roll stack to form an unexpanded sheet, 9" wide x 
0.069" thick, of the following composition: 



pbw 


Material 


78.9 
3.3 

11.6 
3.9 
2.3 


Exact™ 4041 /DPDA 6182 graft, from above 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 

40% concentrate of Bayer ADC/F azodicarbonamide in EEA-6182 

20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) 

White color concentrate, 50% titanium dioxide in high-pressure LDPE(7-8 Ml) 



[0071] The sheet was exposed to 190 °F and 95% relative humidity for 80 minutes to effect the silanolysis cross- 
linking. Subsequently, the sheet was passed through a thermostatically-controlled foaming oven with infrared heaters 
to maintain a surface temperature of 670 °F, but with supplementary makeup air at 730 °F, whereupon the cross-linked 
composition expanded to a width of 20" x 0.150" thickness. The resulting density was 96kg/m 3 (6 pcf), with additional 
properties as shown in Table I. 



COMPARATIVE EXAMPLE 1 A 

[0072] A silane-grafted, pellicular composition, comprising a mixture of LDPE and LLDPE, was prepared at the rate 
of about 400 Ib/hr using a 4" diameter, 44:1 L/D, single-screw extruder maintained at approximately 200 °C. A mixture 
of organic peroxide and vinyl trimethoxy silane was metered directly into the feed throat of the extruder. The grafted 
composition was passed out of a multi-strand die head and through a water-cooling trough, and was chopped into 
pellets with a granuiator. The composition consisted of: 



pbw 


Material 


67 
33 
0.4 
0.02 


LF-0219A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 
ETS 9078, LLDPE(0.910 g/cm3, 2.5 Ml), Union Carbide Corp. 
#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The pellicular grafted composition was admixed with additional pellicular components in a 200 gallon ribbon blender. 
The mixture was metered into a 6" diameter, 24:1 L/D single-screw extruder maintained at approximately 125° C and 
fitted with a 30" wide coat-hanger die head, and passed through a 52" wide three-roll stack to form an unexpanded 
sheet of the following composition: 
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pbw 


Material 


67.5 


LF-021 9A/ETS 9078 graft, from above 


11.2 


LF-0219A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 


3.5 


DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 


9.8 


40% concentrate of Bayer ADC/F azodicarbonamide in LDPE(0.919 g/cm3, 2.0 Ml) 


6.0 


20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) 


2.0 


White color concentrate, 50% titanium dioxide in high-pressure LDPE(7-8 Ml) 



[0073] As described above, the sheet was exposed to 190 °F moisture to effect the silanolysis cross-linking then 
passed through a thermostatically-controlled foaming oven. The resulting density was 6 pcf, with comparative proper- 
ties as shown in Table I. The object cross-linked foam structure of Example 1 , containing the essentially linear olefin 
copolymer of this invention, exhibited superior tensile strength, elongation, compression set and a finer cell size, in 
5 comparison to the LLDPE/LDPE foam article of this example. 

- - EXAMPLE 2 _____ 

[0074] This example illustrates the preparation of a 32 kg/m 3 (2pcf) density foam structure in accordance with the 
0 method of the present invention. 

[0075] The essentially linear olefin copolymer si lane-grafted composition of Example 1 was admixed with additional 
pellicular components, extruded on a sheet line with coat-hanger die and three-roll stack as described in Example 1 , 
and slit down into a continuous sheet 5" wide and 0.070" thick and having the following composition: 



25 


pbw 


Material 




56.7 


Exact™ 4041/DPDA 6182 graft, from Example 1, above 




3.6 


DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 




33.2 


40% concentrate of Bayer ADC/F azodicarbonamide in EEA-6182 


30 


4.0 


20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) 




2.5 


White color concentrate, 50% titanium dioxide in high-pressure LDPE(7-8 Ml) 



[0076] The sheet was then exposed to 200 °F/95% relative humidity for 60 minutes to effect the silanol condensation 
and cross-linking. Subsequently, the sheet was passed through a thermostatically-controlled foaming oven with infrared 
heaters to maintain a surface temperature of 680 °F, but with supplementary makeup air at 750 °F, whereupon the 
sheet expanded to a width of 20" x 0.365" thickness. The resulting density was 35 kg/m 3 (2.2pcf), with additional 
properties as shown in Table I. 



COMPARATIVE EXAMPLE 2A 



[0077] A silane-grafted, pellicular composition was prepared using the same equipment and methods as described 
in Example 1 A, but with a mixture of LDPE and LLDPE, according to the following composition: 



pbw 


Material 


80 
20 
0.4 
0.02 


LF-021 9A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 
ETS 9078, LLDPE(0.910 g/cm3, 2.5 Ml), Union Carbide Corp. 
#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Huls America, Inc. Vulcup-R, 2,2*-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The pellicular grafted composition was admixed with additional pellicular components and extruded on a sheet line 
with coat-hanger die and three-roll stack, as described in Example 1 A, to give an extrudate of the following composition: 



pbw 


Material 


56.7 
3.6 


LF-021 9A/ETS 9078 graft, from above 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 
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(continued) 



pbw 


Material 


33.2 
4.0 
2.5 


40% concentrate of Bayer ADC/F azodicarbonamide in LDP E (0.9 19 g/cm3, 2.0 Ml) 

20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) ' » 

White color concentrate, 50% titanium dioxide in high-pressure LDPE (7-8 Ml) 



As described in Example 1 A, the sheet was exposed to 190 °F moisture to effect the silanolysis cross-linking, and then 
passed through a thermostatically-controlled foaming oven. The resulting density was 32 kg/m 3 (2pcf), with comparative 
properties as shown in Table I. The object cross-linked foam structure of Example 2, containing the essentially linear 
olefin copolymer of this invention, exhibited superior tensile strength and elongation, and a finer cell size in comparison 
to the LLDPE/LDPE foam article of this example. 



15 EXAMPLE 3 



[0078] This example illustrates the preparation of a 48 kg/m 3 (3 pcf) density foam structure in accordance with the 
method of the present invention. 

[0079] The essentially linear olefin copolymer silane-grafted composition of Example 1 was admixed with additional 
pellicular components and extruded on a sheet line with coat-hanger die and three-roll stack, as described in Example 
1 , and slit down into a continuous sheet 5" wide and 0.070" thick and having the following composition: 



pbw 


Material 


68.1 
3.4 

22.3 
3.7 
2.5 


Exact™ 4041/DPDA 6182 graft, from Example 1, above 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 

40% concentrate of Bayer ADC/F azodicarbonamide in EEA-61 82 

20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) 

White color concentrate, 50% titanium. dioxide in high-pressure LDPE(7-8 Ml) 



As described in Example 1, the sheet was exposed to 150 °F and 95% relative humidity for 18 hours to effect the 
silanolysis cross-linking. Subsequently, the sheet was passed through a thermostatically-controlled foaming oven with 
infrared heaters to maintain a surface temperature of 700 °F, but with supplementary makeup air at 750 °F, whereupon 
the cross-linked sheet expanded to a width of 16.5" x 0.350" thickness. The resulting density was 48 kg/m 3 (3 pcf), 
35 with additional properties as shown in Table I. 

COMPARATIVE EXAMPLE 3 A 



[0080] A silane-grafted, pellicular composition was prepared using the same equipment and methods as described 
40 in Example 1 A, but with a mixture of LDPE and LLDPE, according to the following composition: 



pbw 


Material 


67 
33 
0.4 
0.02 


LF-0219A, LOPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 
ETS 9078, LLDPE(0.910 g/cm3, 2.5 Ml), Union Carbide Corp. 
#CV491 7, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2*-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The pellicular grafted composition was admixed with additional pellicular components and extruded on a sheet line 
so with coat-hanger die and three-roll stack, as described in Example 1 A, to give an extrudate with the following compo- 
sition: 



pbw 


Material 


59.6 
9.0 

3.5 

22.3 


LF-021 9A/ETS 9078 graft, from above 

LF-0219A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 
40% concentrate of Bayer ADC/F azodicarbonamide in LDPE (0.919 g/cm3, 2.0 Ml) 
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(continued) 



pbw 


Material ■ 


4.1 
2.5 


20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) , 
White color concentrate, 50% titanium dioxide in high-pressure LDPE(7-8 Ml) 



As described in Example 1 A, the sheet was exposed to 1 90 °F moisture to effect the silanolysis cross-linking, and then 
passed through a thermostatically-controlled foaming oven. The resulting density was 48 kg/m 3 (3 pcf), with compar- 
ative properties as shown in Table I. The object cross-linked foam structure of Example 3, containing the essentially 
linear olefin copolymer of this invention, exhibited superior tensile strength, elongation, compression set and a finer 
cell size, in comparison to the LLDPE/LDPE foam article of this example. 



EXAMPLE 4 

[0081] This example illustrates the preparation of a 64 kg/m 3 (4 pcf) density foam structure in accordance with the 
method of the present invention. 

[0082]' A silane-grafted, pellicular composition was prepared using the same equipment and methods as-described 
in Example 1 , and consisting primarily of a resin of the present invention along with polyethylene/ethyl acrylate (EEA) 
as a softener and a minor amount of a fluoroelastomer processing aid concentrate designated as SAX 7401. The 
composition consisted of the following ingredients: 





pbw 


Material 




85 


Exact™ 4041 , Exxon Chemical Co. 


25 


10 


DPDA 6182 (0.930 g/cm3, 1.5 Ml), polyethylene/ethyl acrylate, 15% ethyl acrylate content, Union Carbide 






Corp. 




5 


SAX 7401, fluoroelastomer processing aid, Dupont Chemical Co. 




0.4 


#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 


30 


0.02 


Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The essentially linear olefin copolymer silane-grafted composition from above was admixed with additional pellicular 
components and extruded on a sheet line with coat-hanger die and three-roll stack, as described in Example 1 , and 
slit down into a sheet of 8 W width x 0.041" thick, to give an extrudate of the following composition: 

35 . . . 



pbw 


Material 


72.0 
3.5 

18.5 
4.0 
2.0 


Exact™ 4041/DPDA 6182/SAX 7401 graft, from above 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 

40% concentrate of Bayer ADC/F azodicarbonamide in EEA- 6182 

20% zinc stearate, 30% zinc oxide concentrate in high -pressure LDPE(7-8 Ml) 

Black color concentrate, 45% carbon black in high-pressure LDPE(7-8 Ml) 



As described in Example 1, the sheet was exposed to 150 °F and 95% relative humidity for 16 hours to effect the 
45 silanolysis cross-linking. Subsequently, the sheet was passed through a thermostatically-controlled foaming oven with 
infrared heaters to maintain a surface temperature of 700 °F, but with supplementary makeup air at 750 °F, whereupon 
the cross-linked sheet expanded to a width of 21* x 0.150" thickness. The resulting density was 65 kg/m 3 (4.1 pcf), 
with additional properties as shown in Table I. 

so COMPARATIVE EXAMPLE 4A 

[0083] A silane-grafted, pellicular composition was prepared using the same equipment and methods as described 
in Example 1 A, but with a mixture of LDPE and LLDPE, according to the following composition: 



pbw 


Material 


67 

33 


LF-0219A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 
ETS 9078, LLDPE(0.910 g/cm3, 2.5 Ml), Union Carbide Corp. 
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(continued) 



pbw 


Material 


0.4 
0.02 


#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The pellicular grafted composition was admixed with additional pellicular components and extruded on a sheet line 
with coat-hanger die and three-roll stack, as described in Example 1 A, to give an extrudate of the following composition: 



pbw 


Material 


73.1 
3.5 

15.2 
6.0 
2.0 


LF-0219A/ETS 9078 graft, from above 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 
40% concentrate of Bayer ADC/F azodicarbon amide in LDPE(0.91 9 g/cm3, 2.0 Ml) j 
20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) ! 
Black color concentrate, 45% carbon black in high-pressure LDPE(7-8 Ml) 



As described in Example 1 A, the sheet was exposed to 190 °F moisture to effect the silanolysis cross-linking, and then 
passed through a thermostatically-controlled foaming oven. The resulting density was 64 kg/m 3 (4 pcf), with compar- 
ative properties as shown in Table I. The object cross-linked foam structure of Example 4, containing the essentially 
linear olefin copolymer of this invention, exhibited superior tensile strength, elongation, and a finer cell size, in com- 
parison to the LLDPE/LDPE foam article of this example. 



25 EXAMPLE 5 

[0084] This example illustrates the process dependency of the foam properties of materials made in accordance with 
the present invention. 

[0085] Samples of the extruded and calendared sheet from Example 4 were stacked to a combined thickness of 
30 0.75", placed into a mold and pressed for 67 minutes in a 200 Ton compression-molding press with platens thermo- 
statically controlled at 300 °F. The pressure was released, the press opened and the molded bun partially expanded 
in response to the decrease in pressure. Cross-linking was induced only by the effect of the residual moisture in the 
composition at the time of compression-molding. The resulting density was 51 kg/m 3 (3.2 pcf), with additional properties 
as shown in Table I. This object exhibited superior tensile strength, elongation, compression set and a finer cell size, 
35 in comparison to the 48 kg/m 3 (3 pcf) density LLDPE/LDPE foam article of Example 3A. In comparison to the foam 
structure of Example 3, which was also a 48 kg/m 3 (3 pcf) object of the present invention, certain properties were 
superior, indicating that foam properties of the present discovery are somewhat process dependent. 

EXAMPLE 6 

40 

[0086] This example illustrates the preparation of a 48 kg/m 3 (3 pcf) density foam structure based on polypropylene 
and the essentially linear olefin polymers of this invention. 

[0087] A silane-grafted, pellicular composition was prepared using the same equipment and methods as described 
in Example 1, but at a temperature of 220 °C, consisting primarily of a 3 Ml polypropylene along with a 3 Ml resin of 
45 the present invention, according to the following composition: 



pbw 


Material 


70 
30 
0.5 
0.025 


Exact™ 4017, Exxon Chemical Co. 

EscoreneTM PD 9272 (0.89 g/cm3, 3.1 Ml), polypropylene, Exxon Chemical Co. 
#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The essentially linear olefin copolymer silane-grafted composition from above was admixed with additional pellicular 
55 components, extruded on a sheet line with coat-hanger die and three-roll stack as described in Example 1, and slit 
down into a sheet T wide and 0.052" thick, to give a material of the following composition: 
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pbw 


Material 


72.0 
3.6 
23.8 


Exact™ 4017/EscoreneTM PD 9272 graft, from above 

DFDA-1173 NT, 1% dibutyi tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 
40% concentrate of Bayer ADC/F azodicarbonamide in Exxact 4041 



As described in Example 1, the sheet was exposed to 150 °F and 95% relative humidity for 32 hours to effect the 
silanolysis cross-linking. Subsequently, the sheet was passed through a thermostatically-controlled foaming oven with 
10 infrared heaters to maintain a surface temperature of 700 °F, but with supplementary makeup air at 750 °F, whereupon 
the cross-linked composition expanded to a width of 20" and a thickness of 0.190". The resulting density was 45 kg/ 
m 3 (2.8 pcf), with additional properties as shown in Table I. Shown for comparison and reference therein is a competitive 
organic peroxide cross-linked foam product of 3 pcf density. 

15 EXAMPLE 7 

[0088] In this example, a 64 kg/m 3 (4 pcf) density foam structure is prepared based on a silane-g rafted composition 
of primarily LDPE along with a minor amount of the essentially linear olefin polymers of this invention. 
[0089] A silane-grafted, pellicular composition was prepared using the same equipment and methods as described 
20 in Example 1 , according to the following composition: 



pbw 


Material 


30 
70 
0.4 
0.02 


Exact™ 4041, Exxon Chemical Co. 

LF-0219A, LDPE(0.919 g/cm3, 2.0 Ml), Novacor Chemical Co. 
#CV4917, Vinyl trimethoxy silane, Huls America, Inc. 

Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



The silane-grafted composition containing the essentially linear olefin copolymer from above was admixed with addi- 
30 tional pellicular components, extruded on a sheet line with coat-hanger die and three-roll stack as described in Example 
1 , and slit down into a sheet of 8" width and 0.041 " thickness. The resulting sheet had the following composition: 



pbw 


Material 


72.0 
3.5 

18.5 
4.0 
2.0 


Exact™ 4017/Escorene PD 9272 graft, from above 

DFDA-1173 NT, 1% dibutyi tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 

40% concentrate of Bayer ADC/F azodicarbonamide in EEA-6182 

20% zinc stearate, 30% zinc oxide concentrate in high-pressure LDPE(7-8 Ml) 

Black color concentrate, 45% carbon black in high-pressure LDPE(7-8 Ml) 



As described in Example 1, the sheet was exposed to 150 °F and 95% relative humidity for 16 hours to effect the 
silanolysis cross-linking, subsequently, the sheet was passed through a thermostatically-controlled foaming oven with 
infrared heaters to maintain a surface temperature of 700 °F, but with supplementary makeup air at 750 °F, whereupon 
the cross-linked composition expanded to a width of 21" x 0.150" thickness. The resulting density was 65 kg/m 3 (4.1 
45 pcf), with additional properties as shown in Table I. Shown for comparison and reference therein is a competitive 
radiation cross-linked foam product of 64 kg/m 3 (4 pcf) density, demonstrating the superiority of the object of this 
discovery toward the properties of tensile strength and elongation. 

[0090] Examples 8-14 illustrate the preparation of articles through the use of compression-molding. 

50 EXAMPLE 8 g. 

[0091] This example demonstrates the use of the essentially linear olefin copolymers to produce a press cured foam 
bun, using both chemical cross-linking (organic peroxide) as well as silane-grafting followed by exposure to moist heat 
to effect the silanol condensation and thus cross-linking. Process conditions, crosslinking sequencing, and expansion 
55 procedures were adjusted to optimize the preparation of the cross-linked foam structure of this art for the particular 
selection of method of crosslinking. 

[0092] In this example, an organic peroxide cross-linking system was utilized with the olefin copolymer object of this 
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t invention by methods commonly employed for the production of crosslinked LDPE molded foam buns. The composition 
utilized comprised: 



pbw 


Material 


100 
10 

0.25 
0.5 


Exact™ 4041, Exxon Chemical Co. 
Azodicarbonamide, 10 micron particle size 
Kadox 911 C, zinc oxide, Zinc Corp. of America 
dicumyl peroxide, 99% active 



The composition was mixed in an internal, high shear "Banbury- type mixer by fusing the mixture at approximately 240 
°F, which is below the decomposition temperature of the foaming agent. The resulting admixture was calendared and 
shaped into a preform so as to fill a 1 .25" deep, rectangular mold cavity. The mold with preform therein was t(ien held 
in a 200 ton compression molding press for 55 minutes at 305 °F. Following release from the press, the resulting bun 
was further heated in a hot air oven for 40 minutes at 330 °F. The resulting density was 32 kg/m 3 (2 pcf), with additional 
properties as shown in Table II. Internal voids and a tendency to over-crosslink and under-expand, symptomatic of 
LLDPE response similarly cured, were observed herein. 

EXAMPLE 9 

[0093] In this example, the olefin copolymer object of this invention was silane-g rafted by methods described in 
Example 1 according to the following composition: 



pbw 


Material 


100 
0.4 
0.02 


Exact™ 4041 , Exxon Chemical Co. 

#CV4910, Vinyl triethoxy silane, Huis America, Inc. 

Vulcup-R, 2,2'-bis(tert-butylperoxy) diisopropyl benzene, Hercules Chemical Co. 



Utilizing the above silane-grafted composition, the following was mixed in an internal, high shear "Banbury" type mixer 
by fusing the mixture at approximately 240 °F, which is below the decomposition temperature of the foaming agent: 



pbw 


Material 


100 
14 
0.3 
6.0 


Exact™ 4041/VTEOS- grafted resin, from above 
Azodicarbonamide, 10 micron particle size 
Kadox 91 1 C, zinc oxide, Zinc Corp. of America 

DFDA-1173 NT, 1% dibutyl tin dilaurate concentrate in LDPE(0.92 g/cm3, 2.0 mi), Union Carbide Corp. 



The resulting admixture was calendared and shaped into a preform so as to fill a 1 .25" deep, rectangular mold cavity. 
The preform was then exposed to 95% relative humidity conditions for sufficient time so as to effect the cross-linking. 
The preform was placed into the mold, and held in a 200 ton compression molding press for 75 minutes at 290 °F. 
Following release from the press, the resulting bun was further heated in a hot air oven for 40 minutes at 330 °F. The 
resulting density was 32 kg/m 3 (3 pcf) with additional properties as shown in Table II. 



EXAMPLE 10 

[0094] Herein, the silane-grafted and cross-linked preform of Example 9 was expanded without the pressing oper- 
ation, i.e. "freely expanded", in an oven for 60 minutes at 330 °F. The resulting density was 43 kg/m 3 (2.7 pcf), with 
additional properties as shown in Table II. 

EXAMPLE 11 

[0095] In this example, an organic peroxide cross-linking system was utilized with the olefin copolymer object of this 
invention in a blended composition with ethylene vinyl acetate (EVA), ethylene methyl acrylate (EMA) and ethylene/ 
propylene diene monomer terpolymer (EPDM), comprising: 
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10 



pbw 



30 
5 
30 
30 
5 
10 
0.11 
0.9 
0.05 



Material 



Exact™ 4041 , Exxon Chemical Co. 

AT-1070, EVA, 9% vinyl acetate content, AT Plastics, Inc. i 

AT-1710, EVA, 17% vinyl acetate content, AT Plastics, Inc. 

XV 53-04, EMA, 15% methyl acrylate content, 0.7 M.I., Exxon Chemical Company 

Nordel 1440, EPDM, 45 Mooney viscosity, 55% ethylene content, 5% diene content, Dupont, Inc. 

Azodicarbonamide, 1 0 micron particle size 

Kadox 91 1C, zinc oxide, Zinc Corp. of America 

dicumyl peroxide, 99% active 

Irganox 1010, antioxidant, Ciba Geigy Corp. 



The composition was mixed as described in Example 8 and similarly calendared and shaped. The mold with preform 
therein was then held in a 200 ton compression molding press for 60 minutes at 290 °F. Following release from the 
press, the resulting bun was further heated in a hot air oven for 60 minutes at 330 °F. The resulting density was 24 kg/ 
m 3 (1.5 pcf), with'additional properties as shown in-Table II. - — - - - - - - — 



20 



25 



30 



35 



40 



45 



EXAMPLE 12 

[0096] In this example, an organic peroxide cross-linking system was utilized with a lower specific gravity version of 
the olefin copolymer object of this invention in a blended composition with ethylene vinyl acetate (EVA) and ethylene/ 
propylene diene monomer terpolymer (EPDM), comprising: 



pbw 



50 
10 
30 
10 
14 
0.2 
1.0 
0.5 
0.6 
0.4 
20 



Material 



Exact™ 5008, Exxon Chemical Co. 

AT-2306, EVA, 23% vinyl acetate content, AT Plastics, Inc. 

AT-2803-A, EVA, 28% vinyl acetate content, AT Plastics, Inc. 

Nordel 1440, EPDM, 45 Mooney viscosity, 55% ethylene content, 5% diene content, Dupont, Inc. 

Azodicarbonamide, 10 micron particle size 

Kadox 91 1C, zinc oxide, Zinc Corp. of America 

dicumyl peroxide, 99% active 

Irganox 1 01 0, antioxidant, Ciba Geigy Corp. 

Silicone oil 

Coagent 

Calcium Carbonate 



The composition was mixed as described in Example 8 and similarly calendared and shaped. The mold with preform 
therein was then held in a 200 ton compression molding press for 60 minutes at 290 °F. Following release from the 
press, the resulting bun was further heated in a hot air oven for 60 minutes at 330 °F. The resulting density was 32 kg/ 
m 3 (4 pcf), with additional properties as shown in Table II. 

COMPARATIVE EXAMPLE 13 



[0097] In this example, an organic peroxide cross-linking system was utilized with LDPE, by methods commonly 
employed for the production of crosslinked LDPE molded foam buns. The composition comprised the following ingre- 
dients: 



55 



pbw 



100 
14.4 
0.25 
0.52 

0.53 



Material 



Dowlex 510, LDPE(0.919g/cc, 2.0 Ml), Dow Chemical Co. 
Azodicarbonamide, 10 micron particle size 
Kadox 911 C, zinc oxide, Zinc Corp. of America 
dicumyl peroxide, 99% active 
Paraffinic oil 
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The composition was mixed as described in Example 8 and similarly calendared and shaped. The mold with preform 
therein was then held in a 200 ton compression molding press for 40 minutes at 310 °R Following release from the 
press, the resulting bun was further heated in a hot air oven for 25 minutes at 320 °F. The resulting density was 32 kg/ 
m 3 (2 pcf), with additional properties as shown in Table II. 

COMPARATIVE EXAMPLE 14 

[0098] Herein, an organic peroxide cross-linking system was utilized with EVA, by methods commonly employed for 
the production of crosslinked EVA molded foam buns. The composition comprised the following ingredients: 



pbw 


Material 


100 


Dowlex 510, LDPE(0.919 g/cc, 2.0 Ml), Dow Chemical Co. 


14.4 


Azodicarbon amide, 10 micron particle size 


0.25 


Kadox 911 C, zinc oxide, Zinc Corp. of America 


0.52 


dicumyl peroxide, 99% active 


0.53 


Paraffinic oil 



The composition was mixed at a fusion temperature of 225 °F as described in Example 8 and similarly calendared and 
shaped. The mold with preform therein was then held in a 200 ton compression molding press for 40 minutes at 295 
°F. Following release from the press, the resulting bun was further heated in a hot air oven for 25 minutes at 320i°F. 
The resulting density was 34 kg/m 3 (2.1 pcf) with additional properties as shown in Table II. 
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TABLE II. 



10 



15 



COMPARATIVE PROPERTIES OF MOLDED BUN EXAMPLES 




Comparative: 


Formulation: 


8 


9 


10 


11 


12 


13 


14 


Density, (kg/m 3 ) 


32 


34 


47 


24 


32 


33 


34 




(2 P Cf) 


(2.09 pcf) 


(2.66 pcf) 


(1.5 pcf) 


(2.0 pcf) 


(2.06 pcf) 


(2.1 pcf) 


Tensile Strength, (psi) 


ND 


55 


ND 


35 


75 


50 


61 


Ultimate Elongation, 
(%) 

25% CD, (psi) 


ND 


440 


ND 


280 


260 


180 


370 


ND 


3.4 


ND 


2.3 


2.3 


10 


5.1 


50% CS, (%) 


ND 


30 


ND 


35 


35 


20 


16 


Cell Size Mode (mm) 


Collapsed 3 


0.5 b 


1.0 b 


0.1 


0.2 


0.14 


0.15 



a poor quality foam 

b with some 1 .5 mm cells 



30 



35 



20 Claims 

I 

1 . A method of making a material, comprising the steps of: 

providing a mixture including a silane-grafted single-site initiated polyolefin resin, the silane includes having 
25 a hydro lyzable group; and; 

cross-linking the mixture. 

2. The method of claim 1 , characterized in that the polyolefin resin includes a styrene. 

3. The method of claim 1 .characterized in that the providing step includes blending the single-site initiated polyolefin 
resin with a low density polyethylene, a linear low density polyethylene, a medium density polyethylene, a high 
density polyethylene, a polypropylene, an ethylene-propylene rubber, an ethylene-propylene-diene terpolymer, an 
ethylene-vinyl acetate copolymer, an ethylene-maleic anhydride copolymer, a chlorinated polyethylene, or an eth- 
ylene-ethyl acetate copolymer. 

4. The method of claim 1 , characterized In that it further comprises the step of expanding the cross-linked mixture 
into a foam. 

5. The method of claim 4, characterized In that the foam is expanded to a material having a density of less than 
40 353 kg/m 3 but more than 1 1 .2 kg/m 3 . 

6. The method of claim 5, characterized in that the foam is expanded to a material with cells, of which at least 70% 
are closed. 

4 5 7. The method of claim 1 , characterized in that the polymer mixture comprises a blend of polymers containing at 
least about 5% and up to about 1 00% of said polyolefin. 

8. The method of claim 1 , characterized In that the polymer mixture further comprises a foaming agent. 

so 9. The method of claim 8, characterized In that the foaming agent is added prior to the cross-linking step. 

10. The method of claim 8, characterized in that the foaming agent is added subsequent to the cross-linking step. 

11. The method of claim 4, characterized In that the foam further comprises a physical foaming agent. 



55 



12. The method of claim 1 , characterized In that the cross-linking of the polymer mixture includes reacting the same 
with a peroxide. 
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1 3. The method of claim 1 , characterized In that the cross-linking is effected by means of a silane cross-linking agent. 

14. The method of claim 1, characterized In that the cross-linking is effected by means of a free-radical generating 
initiator. « 

5 

15. The method of claim 1 , characterized In that the cross-linking is effected by means of irradiation. ' 

'16. The method of claim ^characterized In that the silane includes vinyl trimethoxysilane or vinyl triethoxysilane. 

10 17. The method of claim 1 , characterized In that additional polymeric resins are added to the polymer mixture sub- 
sequent to grafting but prbr to cross-linking. 

18. The method of claim 1 , characterized In that the polymer mixture comprises more than 5% but less than 40% of 
the polyolefin. • 

15 

19. The method of claim 1 , characterized In that the polymer mixture comprises more than 70% of the polyolefin. 

20. The method of claim 1 , characterized In that the material is formed into a bead. 

20 21. The method of claim 1 , characterized In that the polymer mixture comprises a polyolefin including ethylene and 
propylene, and that it is formable. 

22. The method of claim 21 , characterized In that the polyolefin including ethylene and propylene is an ethylene- 
propylene-diene terpolymer. 

25 

23. The method of claim 21 , characterized in that It further comprises the step of expanding the polymer mixture to 
a foam. 

24. The method of claim 23, characterized in that the step of expanding the polymer mixture comprises compression 
30 molding the same at increased temperature and pressure. 

25. The method of claim 3, characterized In that when the polymer mixture includes a low density polyethylene resin 
it further comprises a physical foaming agent, and In that the method further comprises the steps of: 

35 extruding the polymer mixture; and 

expanding the polymer mixture to a foam. 

26. The method of claim 1 , characterized in that the silane has a C 2 alkoxy group. 

40 27. The method of claim 26, characterized in that the cross-linking step is performed partially. 

28. The method of claim 26, characterized in that when the silane has a C 2 alkoxy group the step of cross-linking 
the polymer mixture further includes reacting the same with a peroxide. 

« 29. The method of claim 26, characterized in that when the silane has a C 2 alkoxy group it further comprises the 
step of expanding the polymer mixture by compression molding the same at increased temperature and pressure. 

30. The method of claim 3, characterized In that when the polymer mixture includes a polypropylene the method 
further comprises the steps of: 

50 

introducing a blowing agent into the mixture; and 
expanding the mixture into a foam. 

31 . The material produced according to any of claims 1 -30. 

55 

32. A polymer mixture including a non-silane grafted polypropylene prepared by the method of claim 3, which can be 
cross-linked and foamed. 
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33. The polymer mixture of claim 32, characterized In that said polypropylene is a blend with said polyolefin at a ratio 
by weight of between 95/5 and 60/40. 

i 

34. A polymer mixture prepared by the method of claim 3, which includes a blend of polypropylene and linear low 
density polyethylene, the polypropylene being a substantially ungrafted homopolymer or copolymer polypropylene 
and the linear low density polyethylene being a silane-grafted, essentially linear, metallocene catalyzed linear'low 
density polyethylene. 

35. A polymer mixture prepared by the method of claim 21 . 

36. A polymer mixture prepared by the method of claim 22. 

37. A polymer mixture prepared by the method of claim 25. , 
15 38. A polyolefin article manufactured from the foam material prepared by the method of claim 26. 
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Patentanspruche 

20 1. Verfahren zur Herstellung eines Materials, welches die folgenden Schritte umfasst: 

Bereitstellen einer Mischung welche ein Silan-geimpftes an einer einzigen Stelle initiiertes Polyolefin-Harz 
beinhaltet, wobei das Silan eine hydrolisierbare Gruppe umfasst; und 
Vernetzen der Mischung. 

25 

2. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Polyolefin-Harz ein Styrol umfasst. 

3. Verfahren gemass Anspruch 1, dadurch gekennzelchnet, dass der Bereitstellungsschritt das Mischen des an 
einer einzigen Stelle initiierten Polyolefin harzes miteinem Polyathylen geringer Dichte, einem linearen Polyathylen 

30 geringer Dichte, einem Polyathylen mittlerer Dichte, einem Polyathylen hoher Dichte, einem Polypropylen, einem 

Athylen-Propylen-Gummi, einem Athylen-Propylen-Dien-Terpolymer, einem Athylen-Vinylazetat-Kopolymer, ei- 
nem Athylen-Malein-Anhydrid-Kopolymer, einem chlorierten Polyathylen oder einem Athylen-Athyl-Azetat-Kopo- 
lymer umfasst. 

35 4. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass es desweiteren den Schritt des Expandierens 
der vernetzten Mischung zu Schaum umfasst. 

5. Verfahren gemass Anspruch 4, dadurch gekennzelchnet, dass der Schaum zu einem Material expandiert wird, 
der eine Dichte von weniger als 353 kg/m 3 , aber nicht mehr als 11,2 kg/m 3 , besitzt. 

40 

6. Verfahren gemass Anspruch 5, dadurch gekennzelchnet, dass der Schaum zu einem Material mit Zellen expan- 
diert wird, wobei mindestens 70 % der Zellen geschlossen sind. 

7. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass die Polymermischung ein Polymergemisch urn- 
*5 fasst, welches mindestens ungefahr 5 % und bis zu ungefahr 100 % des Polyolefins beinhaltet. 

8. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass die Polymermischung desweiteren ein Schau- 
mungsmittel umfasst. 

50 9. Verfahren gemass Anspruch 8, dadurch gekennzelchnet, dass das Schaumungsmittel vor dem Vernetzungs- 
schritt hinzugefugt wird. 

10. Verfahren gemass Anspruch 8, dadurch gekennzelchnet, dass das Schaumungsmittel nach dem Vernetzungs- 
schritt hinzugefugt wird. 

55 

11. Verfahren gemass Anspruch 4, dadurch gekennzelchnet, dass der Schaum desweiteren ein physisches Schau- 
mungsmittel umfasst. 
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12. Verfahren gemass Anspruch 1, dadurch gekennzelchnet, dass das Vernetzen der Polymermischung das Rea- 
gieren desselben mit einem Peroxyd beinhaltet. 

13. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Vernetzen mit Hilfe eines Silan-Vernetzungs- 
mittels durchgefuhrt wird. 

14. Verfahren gemass Anspruch 1, dadurch gekennzelchnet, dass das Vernetzen mit Hilfe eines freie Radikale 
generierenden Reaktionseinleiters durchgefuhrt wird. 

15. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Vernetzen mit Hilfe von Bestrahlung durch- 
gefuhrt wird. 

1 6. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Silan ein Vlnyl-Trimetoxy-Silan Oder ein Vinyl- 
Triathoxy-Silan beinhaltet. 

17. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass zusatzliche Polymer-Harzezur Polymermischung 
nach dem Impfen, aber vor dem Vernetzen, hinzugefugt werden. 

18. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass die Polymermischung mehr als 5 %, aber weniger 
als 40 %, des Polyolefins umfasst. 

19. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass die Polymermischung mehr als 70 % des Poly- 
olefins umfasst. 

20. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Material zu einem Strang geformt wird. 

21. Verfahren gemass Anspruch 1, dadurch gekennzelchnet, dass die Polymermischung ein Polyolefin umfasst, 
welches Athylen und Propylen beinhaltet, und dass die Mischung formbar ist. 

22. Verfahren gemass Anspruch 21 , dadurch gekennzelchnet, dass das Polyolefin, welches Athylen und Propylen 
beinhaltet, ein Athylen-Propylen-Dien-Terpolymer ist. 

23. Verfahren gemass Anspruch 21 , dadurch gekennzelchnet, dass es zusatzlich den Schritt umfasst, die Polymer- 
mischung zu einem Schaum zu expandieren. 

24. Verfahren gemass Anspruch 23, dadurch gekennzeichnet, dass der Schritt des Expandierens der Polymermi- 
schung das Kompressionsformen derselben bei erhohter Temperatur und erhohtem Druck umfasst. 

25. Verfahren gemass Anspruch 3, dadurch gekennzelchnet, dass wenn die Polymermischung ein Polyathylen-Harz 
niedriger Dichte beinhaltet, diese desweiteren ein physisches Schaummittel umfasst, und dass die Methode wei- 
terhin die folgenden Schritte umfasst: 

Extrudieren der Polymermischung; und 

Expandieren der Polymermischung zu einem Schaum. 

26. Verfahren gemass Anspruch 1 , dadurch gekennzelchnet, dass das Silan eine C 2 -Alkoxydgruppe besitzt. 

27. Verfahren gemass Anspruch 26, dadurch gekennzelchnet, dass der Vernetzungsschritt partiell ausgefuhrt wird. 

28. Verfahren gemass Anspruch 26, dadurch gekennzelchnet, dass wenn das Silan eine C 2 -Alkoxydgruppe besitzt, 
der Schritt des Vernetzens der Polymermischung weiterhin das Reagieren derselben mit einem Peroxyd umfasst. 

29. Verfahren gemass Anspruch 26, dadurch gekennzelchnet, dass, wenn das Silan eine C 2 -Alkoxydgruppe besitzt, 
es weiterhin den Schritt des Expandierens der Polymermischung durch Kompressionsformung derselben bei er- 
hohter Temperatur und erhohtem Druck umfasst. 

30. Verfahren gemass Anspruch 3, dadurch gekennzelchnet, dass, wenn die Polymermischung ein Polypropylen 

beinhaltet. das Verfahren weiterhin folgende Schritte umfasst: 
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Einfuhren eines Treibmittels in die Mischung; und 
Expandieren der Mischung zu einem Schaum. 

31. Ein gemass einem der Anspruche 1-31 hergestelltes Material. 

32. Eine Polymermischung, welche ein nicht-Silangeimpftes Polypropylen, prapariert gemass dem Verfahren gemass 
Anspruch 3, umfasst und welche vernetzt und verschaumt werden kann. 

33. Die Polymermischung gemass Anspruch 32, dadurch gekennzelchnet, dass das Polypropylen ein Gemisch mit 
dem genannten Polyolefin in einem Gewichtsverhaltnis zwischen 95/5 und 60/40 ist. 

34. Eine Polymermischung, welche gemass dem Verfahren gemass Anspruch 3 prapariert ist und welche ein Gemisch 
aus Polypropylen und Polyathylen linearer niedriger Dichte beinhaltet, wobei das Polypropylen ein im wesentlichen 
ungeimpftes Homopolymer-oder Ko polymer- Polypropylen ist und das Polypropylen linearer niedriger Dichte ein 
Silan-geimpftes, im wesentlichen lineares metallorganisch katalysiertes Polyathylen linearer niedriger Dichte ist. 

35. Eine Polymermischung, welche gemass dem Verfahren gemass Anspruch 21 prapariert ist. 



36. Eine Polymermischung, welche gemass dem Verfahren gemass Anspruch 22 prapariert ist. 

37. Eine Polymermischung, welche gemass dem Verfahren gemass Anspruch 25 prapariert ist ! 

38. Ein polyolefiner Gegenstand, welcher aus dem Schaummaterial hergestellt ist, welches gemass dem Verfahren 
gemass Anspruch 26 prapariert ist. 



R even dlcat Ions 

1. Procede de fabrication d'un materiau, comprenant les etapes consistant a: 

fournir un melange incluant une resine de polyolefine amorcee en un seul site avec greffage de silane, le 
silane inclus ayant un groupe hydrolysable ; et 

reticuler le melange. 

2. Procede selon la revindication 1 , caracterise en ce que la resine de polyolefine inclut un styrene. 

3. Procede selon la revendication 1 , caracterise en ce que I'etape de fourniture inclut le melange de la resine de 
polyolefine amorcee en un seul site avec un polyethylene basse densite, un polyethylene basse densite lineaire, 
un polyethylene moyenne densite, un polyethylene haute densite, un polypropylene, un caoutchouc ethylene- 
propylene, un terpolymere ethylene-propylene-diene, un copolymere ethylene-acetate de vinyle, un copolymere 
ethylene-anhydride maleique, un polyethylene chlore, ou un copolymere ethylene-acetate d'ethyle. 

4. Procede selon la revendication 1, caracterise en ce qu'il comprend I'etape consistant a expanser le melange 
reticule en une mousse. 

5. Precede selon la revendication 4, caracterise en ce que la mousse est expansee en un materiau ayant une 
densite inferieure a 353 kg/m 3 mais superieure a 11 ,2 kg/m 3 . 

6. Procede selon la revendication 5, caracterise en ce que la mousse est expansee en un materiau comportant des 
cellules, dont au moins 70 % sont fermees. 

7. Procede selon la revendication 1 , caracterise en ce que le melange polymere comprend un melange de polymeres 
contenant au moins environ 5 % et jusqu'a environ 100 % de ladite polyolefine. 

8. Procede selon la revendication 1 , caracterise en ce que le melange polymere inclut en outre un agent moussant. 

9. Procede selon la revendication 8, caracterise en ce que i'aaent moussant est ajoute avant I'etape de reticulation. 
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, 1 0. Procede selon la revendication 8, caracterlse en ce que i'agent moussant est ajoute apres I'etape de reticulation. 

11. Procede selon la revendication 4, caracterlse en ce que ia mousse comprend en outre un agent moussant phy- 
sique. 

i 

12. Procede selon la revendication 1, caracterlse en ce que la reticulation du melange polymere inclut sa reaction 
avec un peroxyde. 

13. Procede selon la revendication 1 , caracterlse en ce que la reticulation est effectuee au moyen d'un agent reticu- 
lateur de silane. 

14. Procede selon la revendication 1, caracterlse en ce que la reticulation est effectuee au moyen d'un initiateur 
engendrant des radicaux libres. 

15. Procede selon la revendication 1 , caracterlse en ce que la reticulation est effectuee au moyen d'une irradiation. 

16. Procede selon la revendication 1 , caracterlse en ce que le silane inclut du vinyltrimethoxysilane ou du vinyltrie- 
thoxysilane. 

17. Procede selon la revendication 1 , caracterlse en ce que des resines polymeriques supplementaires sont ajoutees 
au melange polymere apres le greffage mais avant la reticulation. 

18. Procede selon la revendication 1 , caracterlse en ce que le melange polymere comprend plus de 5 % mais moins 
de 40 % de ladite polyolefine. 

19. Procede selon la revendication 1, caracterlse en ce que le melange polymere comprend plus de 70 % de la 
polyolefine. 

20. Procede selon la revendication 1 , caracterlse en ce que le materiau est forme en une perle. 

21. Procede selon la revendication 1 , caracterlse en ce que le melange polymere comprend une polyolefine incluant 
de I'ethylene et du propylene, et en ce qu'il est formable. 

22. Procede selon la revendication 21 , caracterlse en ce que la polyolefine incluant de I'ethylene et du propylene est 
un terpolymere ethylene-propylene-diene. 

23. Procede selon la revendication 21, caracterlse en ce qu'il comprend en outre I'etape consistant a expanser les 
melanges polymeres en une mousse. 

24. Procede selon la revendication 23, caracterlse en ce que I'etape d'expansion du melange polymere comprend 
le moulage par compression de ce polymere a une temperature et a une pression accrues. 

25. Procede selon la revendication 3, caracterlse en ce que lorsque le melange polymere inclut une resine polye- 
thylene basse densite, il comprend en outre un agent moussant physique, et en ce que le procede comprend en 
outre les etapes consistant a : 

extruder le melange polymere et 

expanser le melange polymere en une mousse. 

26. Procede selon la revendication 1 , caracterlse en ce que le silane comprend un groupe alcoxy en C 2 . 

27. Procede selon la revendication 26, caracterlse en ce que I'etape de reticulation est effectuee partiellement. 

28. Procede selon la revendication 26, caracterlse en ce que lorsque le silane comporte un groupe alcoxy en C 2 , 
I'etape de reticulation du melange polymere inclut en outre sa reaction avec un peroxyde. 

29. Procede selon la revendication 26 : caracterise en ce que lorsque le silane comporte un groupe alcoxy en C ?; il 
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comprend en outre I'etape consistant a expanser le melange polymere par moulage par compression de ce me- 
lange a une temperature et a une pression accrues. 

30. Procede selon la revendication 3, caracterlse en ce que lorsque le melange polymere inclut un polypropylene, 
le procede comprend en outre les etapes consistant a : 

introduire un agent porophore dans le melange ; et 

expanser le melange en une mousse. 

31. Materiau produit selon Tune quelconque des revendications 1 a 30. 

32. Melange polymere incluant un polypropylene non greffe de silane prepare par le procede de la revendication 3, 
qui peut etre reticule et mousse. 

33. Melange polymere selon la revendication 32, caracterlse en ce que ledit polypropylene est un melange avec 
ladite polyotefine dans un rapport ponderal compris entre 95:5 et 60:40. , 

34. Melange polymere prepare par le procede de la revendication 3, qui inclut un melange de polypropylene et de 
polyethylene basse densite lineaire, le polypropylene etant un polypropylene homopolymere ou copolymere sen- 
siblement non greffe, et le polyethylene basse densite lineaire etant un polyethylene basse densite lineaire catalyse 
par un metallocene, essentiellement lineaire, greffe de silane. 

35. Melange polymere prepare par le procede de la revendication 21 . 

36. Melange polymere prepare par le procede de la revendication 22. 

37. Melange polymere prepare par le procede de la revendication 25. 

38. Article de polyolefine fabrique a partir du materiau en mousse prepare par le procede de la revendication 26. 
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